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INTERIM PROGRESS REPORT

(Contract No. N00014-76-C-0450)

ULTRAVIOLET LASTING TRANSITIONS IN DIATONIC MOLECULES

I S~.~~ary

The work performed lmder this contract is primarily directed toward a

better sp.ctroscopic ~aiderstanding of LIV laser transitions in selected diatomic

molecules. Specifically the work emphasizes the analysis of spectroscopic data

for discrete (bound-botmd) and diffuse (boind-free) transitions in the rare

gas monohalide (AX) molecules, and discrete transitions in the homonuclear

halogens. The primary alias of the work are (1) a specifi c, detailed identifi-

cation of the laser transitions, including a description of the electronic, and

(for discrete systems) vibrational and rotational states involved in the tran-

sitions; (2) determination of potential curves for relevant electronic states;

(3) calculation of intensity factors -- Franck-Condon factors and R-centroids

for discrete systems, Franck-Condon densities and stimulated emission cross

sections for diffuse systems; (4) evaluation of vibrational relaxation rates in

the excited states from the pressure dependence of the emission spectrum; and

(5) in some cases (XeF, 12, Br2) a determination of the kinetics of production

and removal of the lower or terminal state of the laser transition. These

studies are of relevance to the better widerstanding of these new lasers and to

the development of more complete and correct mathematical models for describing

and predicting their performance.

II . Accomplishments

A. Rare Gas Halide Studies

The outstanding achievement of this reporting period has been the prepa-

ration, submission, and publication of two lengthy papers on the XeP emission
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spectrum. These works (listed below in Section IV) , which have just appeared

in print, provide the first detailed analysis of the B-.X laser transition in
0

XeF (.3500 A). They include a partial rotational analysis with approximate

identification of the rovibrational levels which lase. Results of this analysis

are now being corroborated in a followup study of the emission spectrum of a

single isotopic species, ‘36Xe19F. Good spectra for the latter have been ob-

tained and the analysis is now in progress. At this stage one band (0-2) has

been assigned and processed, giving results in good agreement with the j ust

published values (which were somewhat speculative, as they were based on a

rotational analysis of a 3ingle band, the 1-2 band). Ultimately the current

work should provide a complete rotational and vibrational description of the

X , B, and D states of XeF, and, from analysis of perturbations and splitting

constants, an approximate determination of the C state.

In closely related work we have just completed and submitted a manuscript

on the B+X and D+X systems of ‘36Xe33C1 -- the only AX molecule apart from XeF

to display discrete structure in its spectrum. By using single isotopes of Xe

and Cl , we have been able to greatly improve and expand on our previous vibra-

tional analysis of the B+X (laser) system in this molecule, and have provided

the first vibrational analysis of the D+X system. The results support the

theoretically expected trend toward smaller R0, larger 0e’ 
and larger ~~ in the

D state than in the B state. In fact the experimental results for XeF and XeCl

indicate that the differences in the B and D states are even greater than pre-

dicted theoretically. The recently demonstrated improved performance of XeC1

in a discharge laser seems likely to inspire renewed interest in this laser.

Our work should be valuable to such studies. A preprint of the XeCl paper is

appended to this report.
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Bound free B~X emission spectra have been studied as a function of diluent

gas pressure for KrCl, ArC1, KrF, and ArP. The most detailed work has so far j
been done on KrCl, and an analysis of this molecule’ s spectrum and its vibra-

tional population distribution as a function of pressure (50-800 torT) is

nearing completion. Our preliminary estimate of the B-state vibrational fr.-

quency is 215 ~ 8 cm~~, which falls right in line with trends indicated in re-

sults for other AX molecules we have studied. Our results also indicats that

the dipole strength function varies less rapidly with internuclear distanc, than

suggested by theoretical calculations on the AP and XeX systems. This means

that while the radiative decay rate of the B-state levels decreases with in-

creasing v, the decrease is not as rapid as suggested by theory. In ArF* ~j14

ArC1* the BrI X spectral features seem less sensitive to changes in pressure,

suggesting that these excited molecules are initially prepared in lower v levels

than are KrCl*(B) and ICrF*(B) .

We expect to complete all of our work on the rare gas halide spectra,

except our study of XeF, during the current contiact period. In addition to

the work already in progress and outlined above, we intend to reanalyze the XeBr

and Xci B-.X systems and look for the KrBr , ArBr , KrI , and An 5~X emissions.

The last three of these have not previously been observed unambiguously, pre-

sumably because they undergo predissociation. However , it is sonceivablé that

the lowest v ’ levels of these states do not predissociate. In that case it may

be possible to observe them at the high pressures (1 atm) employed in our source,

where mechanisms other than the bimolecular A* • BX harpooning reactions might

produce low v’ levels directly (i.e without extensive vibrational relaxation).

In any event we intend to publish the available results in several papers,

including a review work on the sp.ctroscopy of these molecules.
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B. ~~~~~~s

We have succeeded in rotationally analyzing fi ve bands in the UV laser

system D’ +A’ of 79Br2, from which we have determined that the A’ -state inter-

nuclear distance is 2.69 g• This value is close to the biown values for the

B(O4u 3W) and A(lu ~W) states. The rotational analysis corroborates our pr.-

l iininary vibrational reassignment of this transition. Work continues on this I

system, with particular emphasis on obtaining and analyzing spectra of 818r2.

This work will comprise a major portion of Miss Abha Sur’s thesis and should

be completed before the end of the present contract period (Feb. 28, 1979).

The full report of the corresponding system in 12 has not yet been com-

pleted but should be ready for submission before the end of the current period.

In the meantime the “ E-.B” system of Cl 2 (2600 
~
), which has j ust recently been

made to lase for the first time, continues to resist out attempts to analyze

it. However, we are fairly certain that this transition does not terminate on

the B state, as presently assumed by most workers. The latter state is now

moderately well known and does not appear to be involved in the intense bands

in this system.

The proposed studies on the kinetics of A’ -state production and removal in

the halogens have no~ yet been initiated, partly for ~entt of eq~iipa.nt (on order

from venders), and partly because of waning interest in the laser commatity.

For the latter reason the studies of the pressure dependence of the 12 UV

emission spectrum have also been placed in limbo. Some of this work, including

the lifetime determination of the 12 D’ state, we do expect to complete in the

present period.

LII. Personnel

Th. Principal Investigator, J. Tellinghuisen, has been occupied with work

on this project 30% of academic year time and 100% of summer time. Dxi. A K.
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Hui and H. ft. McKeever have been employed as Research Associates, Dr. Hui

ful l time, and Dr. McKeever 4/9 t ime until May 31, 1978 and full t ime since

then. P. C. Tellinghuisen has been employed roughly 1/8 time as Research

Associate. Abba Sun continues to devote 100% of research time to this work,

in her capacity as Graduate Research Assistant.
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IV. Cumulative Listing of Publications and Presentations

1. “Pressure Dependence of the KrF B-’X Spectrum,” by Amit K. Hui and Joel
Tellingbui sen, contributed talk presented June 17, 1977 at the 32nd Symposium
on Molecular Spectroscopy (Ohio State University, Columbus, Ohio).

2. “Intensity Factors for the 12 Bi—’X Band System,” by Joel Tellinghuisen,
J. Quant. Spectrost. Radiat. Transfer 19, 149 (1978).

3. “Spectroscopic studies of diatoinic noble gas halides. III. Analysis of
XeF 3500 A band system,” by Joel Tellinghuisen, Patricia C. Tellinghuisen,
G. C. Tisone, J. H. Hoffman, and A. K. Hays, J. Chem. Phys. 68, 5177 (1978).

4. “Spectroscopic studies of diatomic noble gas halides. IV . Vibrational and
rotational constants for the X , B , and D states of XeF,” by Patricia C.
Tellinghuisen, Joel Tellinghuisen, J. C. Coxon, J. E. Velazco, and D. W.
Setser, 3. Chem. Phys. 68, S187 (1978).

5. “Analysis of the UV Laser Transition in Br2,” by Abha Sun and Joel Teilinghuisen,
contributed talk presented June 14, 1978 at the 33rd Symposium on Molecular
Spectroscopy (Ohio State University, Columbus, Ohio).

6. “The D ix and D i X Systems of XeC1,” by Amit K. Hui , Abha Sur, and Joel
Tell inghuisen, contributed talk presented June 14, 1978 at the 33rd Symposium
on Molecular Spectroscopy (Ohio State University, Columbus, Ohio).

7. “The B+X System of KrC1,” by Mark R. McKeever, Joel Tellinghuisen, and
Michael B. Moeller, contributed talk presented June 14, 1978 at the 33rd Symposium
on Molecular Spectroscopy (Ohio State University, Columbus, Ohio).

8. “Noble Gas Halides V. The B-iX and D-’X Systems of ~~~Xe35Cl ,” by Abha Sun,

Amit K. Hui , and Joel Tellinghuisen, J. Mol . Spectrosc. (submitted).
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